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Principal components analysis PCA 主成分分析 
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摘  要 
高通量的现代分析技术在提供生物样品丰富代谢信息的同时，也为后续数据
分析和解释带来极大的挑战。本文以代谢组学数据分析为主线，在数据预处理阶
段的归一化方法和多变量统计分析建模阶段的整合分析方法两个方面提出新的
方法以及研究思路，并将其应用在电针干预慢性萎缩性胃炎大鼠模型的代谢组学
研究中，最后还设计了一款实用型的谱峰归属软件。主要研究成果包括： 
第一部分提出了一种归一化新方法。该方法首先基于相对标准偏差将方差较
大的变量剔除，随后结合概率商归一化方法求出整体浓度缩放系数。利用构造的
模拟数据和电针干预慢性萎缩性胃炎大鼠模型真实的尿液数据进行验证，将新方
法分别与常数和归一化方法和概率商归一化方法进行比较，结果发现：新方法在
差异变量数较多、组间差异较大、噪声干扰严重等情况下均表现出了明显的优势。 
第二部分基于多块偏最小二乘方法对核磁共振代谢组学数据融合分析提出
了新的研究思路，并将该研究思路应用于电针干预慢性萎缩性胃炎大鼠模型实例。
首先，将多块偏最小二乘整合分析作为一种多块数据线性回归方法，通过模式识
别图和模型参数观察建模效果，通过权重参数定量权衡不同种样品类型的重要性，
以及通过模型负载分析各样品变量的相关性。其次，将多块偏最小二乘（MB-PLS）
用作一种新的整合滤波方法，滤除干扰信息后数据所建的 PLS-DA 模型提高了分
析结果的准确性。最后，基于 PLS-DA 滤波进行多块偏最小二乘的整合分析，将
滤波整合分析模型与非滤波整合分析模型进行对比，结果发现滤波后的整合分析
模型更加接近回归分析所得的结论，这说明整合分析配合使用恰当的滤波预处理
将会提高模型的可解释性。 
本文提出的归一化新方法具有良好的性能和普适性，而且基于多块偏最小二
乘算法的整合分析研究方法和思路可以为代谢组学研究提供灵活、实用的数据融
合分析技术。最后，设计了一款绿色、实用、可靠的谱峰归属软件。 
 
关键词：NMR 代谢组学；归一化；整合分析 
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ABSTRACT 
High-throughput modern analytical techniques bring a great challenge to 
subsequent data analysis and interpretation while providing rich information on 
biological samples. In this paper, metabolomics data analysis is served as the main 
line. New methods and research ideas were proposed in the following two aspects: 
normalization method in the data preprocessing stage and the integrated analysis of 
multivariate statistical analysis modeling phase, which was applied in the study of 
“Rat model Metabolic Response of Electro-acupuncture Stimulations”. Finally, a 
practical NMR spectral peak assignment software was also designed. The main 
research results are presented as follows: 
The first part presented a new method of normalization. The method firstly 
eliminates variables with large variance based on the relative standard deviations, and 
then calculates the overall concentration scaling factor by combining the Probabilistic 
Quotient Normalization method. By using the simulated data and real urine data from 
“Rat Model Metabolic Response of Electro-acupuncture Stimulations”, the new 
method was compared with the Constant Sum Normalization method and 
Probabilistic Quotient Normalization method. The results showed that the new 
method had a more obvious advantage than that of the conventional method under the 
circumstances of having more different variables, larger differences between groups 
and greater noise.  
In the second part, a new method of nuclear magnetic resonance metabolomics 
data fusion analysis was put forward based on the method of multi-block partial least 
squares, and the research idea was applied to “Rat Model Metabolic Response of 
Electro-acupuncture Stimulations”. Firstly, multi-block partial least squares 
integration analysis was used as a multi-block linear regression method. The modeling 
results were observed by pattern recognition figures and model parameters. The 
importance of different types of samples was quantitatively weighted by weight 
parameter. The correlation of the sample variables was analyzed by model’s loadings. 
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Secondly, multi-block partial least squares was used as a new integrated filtering 
method to filter out interference information and then build PLS-DA model, which 
improved the accuracy of the analysis results. Finally, integrated analysis of 
multi-block partial least squares was performed based on PLS-DA filtering, which 
was compared with the non-filtering integration analysis model. The results showed 
that the integrated analysis model was closer to the conclusion of regression analysis, 
which showed that consolidating the analysis with the appropriate filtering 
preprocessing would improve the model’s interpretability. 
The new method of normalization proposed in this paper has good performance 
and universality, and the method and idea of integration analysis based on multi-block 
partial least squares algorithm can provide flexible and practical data fusion analysis 
technology for metabolomics research. Finally, a green, practical, reliable spectral 
peak assignment software is designed. 
 
Keywords: NMR-based metabonomics; Normalization; Integration analysis 
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